This study examined the associations between self-reported sleep timing and quality, and the frequency of breakfast and junk food consumption in 28,010 Australian school students (mean AE SD age = 13.3 AE 1.2 years, 51% male). After controlling for age, sex and socioeconomic status, regression analyses revealed that the odds of missing breakfast were significantly higher in children who reported poor sleep or later bedtimes, while the odds of junk food consumption were significantly higher in children reporting later weeknight bedtimes (p < 0.001). These findings suggest that sleep timing and quality influence the dietary choices of adolescents.
| INTRODUCTION
A number of factors combine during late childhood and adolescence to facilitate later bedtimes. These include increased freedom from parental control and bedtime setting, after school employment, and importantly and for reasons not well understood a delay in the timing of the circadian system (Carskadon, 2011; Taylor, Jenni, Acebo, & Carskadon, 2005) . A major consequence of later betimes is shortened sleep on school mornings, with survey data indicating that the majority of adolescents do not meet the recommended guidelines for sleep (Carskadon, 2011) . Alongside the trend for later bedtimes and shortened sleep, dietary behaviour is also reported to change in adolescence. For example, older compared with younger adolescents are less likely to eat breakfast but more likely to consume junk food (Lytle, Seifert, Greenstein, & McGovern, 2000) -choices that have been linked to nutritional deficits, and impaired physical and mental health (Murphy et al., 1998; Wiles, Northstone, Emmett, & Lewis, 2009 ). It is likely that later sleep timing and/or shortened sleep may influence dietary choices in adolescents, such as missing breakfast on school mornings and eating junk food late at night whilst free from parental supervision. Indeed, adolescents frequently report lack of time as a barrier to breakfast consumption (Hearst, Shanafelt, Wang, Leduc, & Nanney, 2016) , while survey data indicate that short sleep is associated with increased carbohydrate consumption in adolescent girls (Al-Disi et al., 2010) . In a study that manipulated sleep length but allowed ad libitum food choices and included both genders, shortened sleep was associated with higher calorie intake, and for these calories to come from high-calorie, low-nutrient foods (Beebe et al., 2013) . Independent of sleep length, later sleep timing has also been associated with poor food choices, including increased calorie intake in pre-adolescents (Hart et al., 2013) , and eating fewer vegetables and more snacks in adolescents (Golley, Maher, Matricciani, & Olds, 2013) . This has implications at a broad population level, with a strong association being reported in adolescents between poor sleep quality and obesity (Gupta, Mueller, Chan, & Meininger, 2002) . To the best of knowledge, the association between sleep quality and food intake has not been assessed in adolescent samples; however, this relationship has been demonstrated in adults (Peuhkuri, Sihvola, & Korpela, 2012) .
To extend these findings, the aim of the current study was to investigate the associations between sleep timing and quality and specific dietary behaviours that have been linked to poor nutrient profile in young people, i.e. junk food and breakfast consumption, in a very large, representative sample of Australian students. The South Australian Government Department for Education and Child Development (2008) has an ongoing data collection program in schools that includes systematic data gathering using the Wellbeing and Engagement Collection, offering the opportunity to examine sleep timing, sleep quality, breakfast and junk food consumption in a large (n = 28,010) sample of students aged 9-17 years. It was hypothesised that going to bed later and/or obtaining infrequent good sleep would increase the odds of missing breakfast and eating more junk food. has demonstrated strong validity and internal consistency in previous studies (Guhn et al., 2012; Schonert-Reichl et al., 2013 
| MATERIALS AND METHODS

| Data analysis
To facilitate analyses, sleep and dietary variables were recoded according to the criteria described by Guhn et al. (2012;  Table 1 ).
After excluding participants with missing responses for age (N = 12), sex (1), SES (399), breakfast (197) , junk food (376), good sleep (732) and bedtime (294), the final sample consisted of n = 28,010 children (age = 13.3 AE 1.2 years, 14,222 male; Table 2 ).
Multinomial logistic regressions specified dependent variables of breakfast consumption (≥5 times per week = reference; 3-4 times per week; and <3 times per week) and junk food consumption (<3 times per week = reference; 3-4 times per week; and ≥5 times per week), and independent variables of good sleep frequency (≥5 times per week = reference; 3-4 times per week; and <3 times per week) and weekday bedtime (<21:00 hours = reference; 21:00 hours-22:00 hours; 22:00 hours-23:00 hours; and >23:00 hours), controlling for age, sex and SES. In consideration of the association between SES and diet (O'Dea & Caputi, 2001; Sanigorski, Bell, Kremer, & Swinburn, 2005) , initial models were stratified by SES. However, analyses revealed that the effect sizes were not different across strata, and models were therefore subsequently collapsed. In consideration of the association between sleep and age (Carskadon, 2011; Taylor et al., 2005) , models were further stratified by age band (9-11 years, 12-14 years, and 15-17 years) and SES entered as a covariate. As subsequent analyses revealed no significant interactions between SES and sleep variables, interaction terms were not included in the final analyses.
| RESULTS
A weak relationship was observed between frequency of a "good night's sleep" and usual weeknight bedtime (r = 0.32). Regression analyses revealed that the odds of less frequent breakfast consumption significantly increased with being female, lower SES, reporting a good night's sleep less frequently, and going to bed later (p < 0.001; Table 3 ). Children aged 9-11 years who reported usual weeknight bedtimes after 23:00 hours had a 4.5-fold increase in the odds of reporting breakfast consumption less than three times a week. Those aged 12-14 years had a 4.7-fold increase in the odds of reporting breakfast consumption less than three times per week. Those aged 15-17 years had a 4.1-fold increase in the odds of reporting breakfast consumption less than three times a week ( Figure 1 ; Table 3 ).
The odds of more frequent junk food consumption significantly increased with being male, lower SES, and going to bed later (p < 0.003; Table 3 ). Those aged 9-11 years who had a usual weeknight bedtime of after 23:00 hours had a 2.7-fold increase in the odds of reporting consuming junk food at least five times per week.
Those aged 12-14 years who had a usual weeknight bedtime of after 23:00 hours had a 2.9-fold increase in the odds of reporting consuming junk food at least five times per week. Those aged 15-17 years had a 2.1-fold increase in the odds of reporting consuming junk food at least five times per week (Figure 1 ; Table 3 ).
| DISCUSSION
The main findings of the present study are that both poor sleep and late bedtimes are associated with increased odds of missing breakfast, while late bedtimes alone are associated with increased odds of eating junk food more often. The present findings are consistent with previous research indicating that sleep may be prioritised over breakfast in adolescents (Hearst et al., 2016) and, as well, the association in adolescents between later bedtimes and increased junk food consumption (Golley et al., 2013) . Given the importance of a healthy diet for physical and mental health (Affenito, 2007; Nicklas, Baranowski, Cullen, & Berenson, 2001) , and that skipping breakfast and eating junk food are likely to result in insufficient nutrient intake (Affenito, 2007; Bowman, Gortmaker, Ebbeling, Pereira, & Ludwig, 2004) , then these findings underscore the important role that sleep may play in dietary choice and, in turn, child and adolescent health.
Our regression models also examined the effect of age, gender and SES on dietary choices. The finding that eating breakfast was less frequent in female adolescents is consistent with the findings of others that females are more likely to skip breakfast, perhaps under the impression that it will assist with weight loss (Hearst et al., 2016) . The finding that adolescent males are more likely to eat junk food is consistent with findings that males often have unhealthier dietary profiles (Bowman et al., 2004) . The age-related reduction in breakfast frequency observed in our sample is consistent with previous research (Lytle et al., 2000) , and also fits with the expectation that as the circadian system delays in adolescence and, hence, bedtimes delay, there will be increasing pressure on school mornings to trade breakfast for extra sleep. The finding that the relationships between bedtime and breakfast and bedtime and junk food consumption are stronger for younger participants is intuitive based on previous research suggesting that more mature adolescents have later circadian rhythms (Taylor et al., 2005) . It is possible that the biological factors that facilitate later bedtimes in older adolescents (Carskadon, 2011) protect them from some of the negative consequences of these late bedtimes. Children and younger adolescents who go to bed later, however, are working against their earlier circadian rhythms, which may amplify any negative effects. The finding that low SES was associated with poorer dietary choices is consis- Our data also indicate that a substantial proportion of adolescents were sleep deprived. The average school start time in Australia is 08:30 hours and, while South Australian schools are able to select their own start times, it is unlikely that there are any changes with age or year level. If we assume that children and adolescents need to wake an hour before school starts in order to arrive at school on time (estimated based on Boegers, Gable, & Owens, 2014; Lufi, Tzischinsky, & Hadar, 2011) , this would mean that participants going to bed later than 23:00 hours would obtain less than 8.5 hr of sleep on weeknights. Given the National Sleep Foundation recommends 9-11 hr for those aged 6-13 years, and 8-10 hr for those aged 14-17 years, then we estimate that 16% of our sample failed to meet guidelines (Hirshkowitz et al., 2015) .
A strength of the present study is the large overall sample size, allowing the modelling of interaction terms and the stratification by age and SES. However, it should be noted that while most age bands included more than 6,000 participants, there were only 4,881 participants in the 9-11 years, and 2,207 in the 15-17 years age band, yielding relatively small cell sizes within odds ratio comparisons.
Nevertheless, the consistent pattern of relationships found within each age band provides converging evidence for the results in the smaller groups at each end of our age range.
Additional limitations of the study include the correlational nature of the data, which does not allow for causal inferences, and the (Tremaine, Dorrian, & Blunden, 2010) . Moreover, given that participants tend to under-report food intake on questionnaires (Schoeller, 1990) , this would suggest that the estimates obtained in the regression analyses examining the T A B L E 3 Odds ratio (95% confidence interval) for breakfast less than three times per week (<3 per week) and three-four times per week (3 -4 per week) compared with at least five times per week (≥5 per week = reference), and junk food at least five times per week (≥5 per week) and three-four times per week (3-4 per week) compared with less than three times per week (<3 per week = reference) Bedtime 22:00 hours-23:00 hours 2.4 (1.3, 4.4) 1.1 (0.6, 1.9) 1.4 (0.9, 2.2) 1.1 (0.7, 1.7)
Breakfast
Bedtime 21:00 hours-22:00 hours 1.8 (1.0, 3.4) 1.1 (0.6, 2.0) 1.1 (0.7, 1.7) 0.9 (0.6, 1.4) Bedtime before 21:00 hours = reference SEIFA, socioeconomic status quintiles as assessed using the Socio-Economic Index for Areas Instrument. SEIFA 1 = most disadvantaged, SEIFA 5 = least disadvantaged.
effect of sleep quality and timing on junk food consumption are likely to be conservative.
Further, while the measure used has been validated as a whole, the individual items analysed in this study have not been validated as standalone questions. In particular, the wording of some questions may allow for variability in the interpretations by different participants. For example, there is the potential for differences in the perception of what constitutes "junk food" (with only three examples of "junk food" provided). The question about the frequency of obtaining "a good night's sleep" is vague, and participants may interpret this as meaning duration, quality, sufficiency or a combination of all of these potential aspects. However, given that there is a low relationship between bedtime (which in this sample with consistent school start times likely mirrors sleep duration) and "good night's sleep", it is likely not only a simple reflection of duration, but rather a broader interpretation of quality/sufficiency. It is also important to note that the number of days included in the questions differs by item. Specifically, while the bedtime question only refers to weeknights, the "good night's sleep" and diet questions cover the whole week.
Therefore, in future studies it would be desirable to collect more detailed sleep and dietary information and over a longer time period, such as could be afforded in a diary study. This would also facilitate the analysis of patterns of sleep across time, including differences between school night and weekend bed and wake times.
Future research should use longitudinal and experimental methods to establish the direction of these relationships. Specifically, greater emphasis on the quantity and types of foods being consumed, and at what time of day consumption is occurring would be useful. Measurement of activity levels and weight would also be beneficial. It would also be prudent in future studies not only to examine sleep duration but also sleep timing. Golley et al. (2013) in their survey of nutrition and physical activity in Australian children aged 9-16 years grouped participants into four sleep-wake behaviour categories: early bed-early rise; early bed-late rise; late bedearly rise; and late bed-late rise. They report that late bed-late rise was predictive of a higher body mass index and a lower diet quality, suggesting that timing may be a more important factor than sleep duration in informing dietary choices.
In conclusion, the present findings strengthen evidence for education policy relating to the provision of breakfast or pre-lunch nutrition breaks in schools. Importantly, findings indicate that both sleep quality and timing are associated with dietary behaviours in pre-adolescent and adolescent children, and that promoting healthy sleep may have a beneficial effect on dietary health. F I G U R E 1 Odds ratio (95% confidence interval) by age band for breakfast less than three times per week (<3/week, ≥5/ week = reference, A, B) and junk food at least five times per week (≤5/week, <3/ week = reference, C, D)
